The purpose of this study was to investigate the effect of panretinal photocoagulation (PRP) on macular morphology and thickness in eyes with proliferative diabetic retinopathy (PDR) and without clinically significant macular edema. Methods: This was a prospective study of 76 eyes from 68 patients diagnosed to have PDR without clinically significant macular edema. Baseline and post PRP visual acuity, morphological changes on optical coherence tomography (OCT), and central foveal thickness were evaluated at one week, one month, and 3 months. Results: The mean patient age was 56.47 ± 6.55 years. Sixty-two eyes (81.58%) had stable or improved vision, while 14 eyes (18.42%) had worsened visual acuity at 3 months. Compared with baseline, mean visual acuity dropped as early as one week but was regained by 3 months. Mean preoperative central foveal thickness was 222.05 ± 59.11 µm, which increased significantly to 266.84 ± 84.67 µm at one week (P = 0.001), and remained higher at 264.05 ± 102.56 µm by one month (P = 0.01) and 256 ± 101.38 µm by 3 months (P = 0.04). Thirty-four percent of eyes with a normal macula showed morphological changes following PRP. The most common morphological change on OCT after PRP was spongy edema, seen in 48 eyes (31.6%), followed by cystoid macular edema in 36 eyes (23.7%), vitreomacular traction in 28 eyes (18.4%), epiretinal membrane in 24 eyes (15.8%), and subfoveal serous detachment in 16 eyes (10.5%). Conclusion: PRP may cause a temporary drop in vision in the early post laser phase, and causes macular morphology/thickness changes in eyes with PDR and without clinically significant macular edema. In this study, the change in central foveal thickness did not correlate with a change in visual acuity, and the type of diabetic macular edema on OCT appeared more relevant and correlated better with the visual outcome.
Introduction
Macular edema is the most common cause of visual loss in patients with proliferative diabetic retinopathy (PDR) and in those with nonproliferative diabetic retinopathy. 1 Panretinal photocoagulation (PRP) appears to be beneficial for patients with PDR, as shown by the Diabetic Retinopathy Study and the Early Treatment Diabetic Retinopathy Study. 2, 3 In some cases, visual acuity decreases after PRP, but usually improves over several weeks. Macular edema and serous detachment of the macula has been observed after PRP, but it is not clear whether this is related to photocoagulation or if it is a coincidental finding. [4] [5] [6] Studies have shown that 25%-43% of eyes with PDR treated using PRP develop increased macular edema and visual disturbances. [5] [6] [7] Studies have also shown that PRP in eyes with nonproliferative diabetic retinopathy and early PDR affects visual field sensitivity, but not visual acuity. 5, 7, 8 It is also known that patients with clinically significant macular edema worsen after having PRP for coexisting PDR. 5, 6 Optical coherence tomography (OCT) is an imaging modality that currently helps in both the quantitative 9 and qualitative 10 study of macular edema and its characteristics. Although fluorescein angiography is typically used to assess vascular leakage qualitatively in patients with macular edema, assessment of actual macular thickening correlates better with loss of visual acuity. Traditional methods of evaluating macular thickening, including slit-lamp examination and stereo fundus photography, are relatively insensitive to small changes in retinal thickness. OCT has proved to be a sensitive tool for detecting subtle cystoid macular edema and subretinal fluid, which may be early and severe manifestations of macular edema and not visualized on clinical 11 or angiographic 12, 13 analysis. Vitreomacular traction is another entity which can be studied effectively on OCT and is usually missed on routine clinical evaluation. 14 These macular changes may be the cause of visual deficits in patients after PRP. Although the mechanism of how macular edema develops after PRP remains unclear and various postulates are available, increased foveal and parafoveal thickening may be a cause of visual dysfunction in these patients. 2, 15 Thus, there may be some hesitation in performing PRP in diabetic patients with proliferative disease, especially in eyes with no macular edema and good visual acuity, and questions arise regarding which systemic factors or conditions in the retina can predict visual outcome after PRP and the probability of visual dysfunction induced by PRP. This study was undertaken to investigate the clinical and tomographic correlation between visual changes and macular morphology in patients undergoing PRP for PDR without clinically significant macular edema.
Materials and methods
This was a prospective study of 76 eyes from 68 diabetic patients attending our retina clinic over a period of 6 months. The study was approved by our institutional review board. Inclusion criteria at baseline were early PDR (without high-risk characteristics) without clinically significant macular edema. Early PDR was identified by the presence of new vessels on #one-third of the disc diameter without any preretinal subhyaloid or vitreous hemorrhage or new vessels elsewhere in the retina. Eyes with clinically significant macular edema were excluded, along with patients who had had cataract surgery and/or focal laser treatment within the previous 3 months. The presence of corneal opacity, cataract, uveitis, glaucoma, aphakia, and poor visual acuity due to any other cause were also grounds for exclusion.
Examination included assessment of visual acuity using a Snellen chart, anterior segment examination by slit-lamp biomicroscopy, intraocular pressure measurement with applanation tonometry, and fundus examination by slitlamp biomicroscopy and indirect ophthalmoscopy. Vision was recorded using the Snellen chart and converted to the logarithm of the minimum angle of resolution (logMAR) for data analysis. Fundus photography was done for documentation and follow-up whenever necessary. Fundus fluorescein angiography and OCT were carried out for all patients before PRP. Fluorescein angiography was done to rule out macular ischemia and to confirm early PDR. Patients with macular ischemia were excluded from the study at baseline because this could have had a bearing on the visual outcome and be a confounding variable during analysis. OCT was done before and one week, one month, and 3 months after PRP. Line scan and fast macular scans were done to study the macula on the Stratus OCT (Carl Zeiss Meditec, Dublin, CA, USA), and a 5-line raster scan and cube 512 × 200 scan was done on the Cirrus OCT (Carl Zeiss Meditec, Dublin, CA, USA). The line scan/5-line raster protocol were used to study the morphological features of macular edema, ie, spongy edema/ spongy retinal thickening, epiretinal membrane, vitreomacular traction, subretinal fluid, and cystoid macular edema. Spongy edema/retinal thickening was defined as increased retinal thickness with reduced intraretinal reflectivity and expanded areas of lower reflectivity on OCT. Fast macular protocol/cube data were used to study central foveal thickness. PRP was done with standard parameters using green laser in 3-4 sittings, with a one-week interval between each sitting. After completion of PRP, patients were followed up at one week, one month, and 3 months. At each visit, visual acuity was assessed by Snellen chart, and a qualitative and quantitative study of the macula was done with OCT and clinical examination. Comparison of visual acuity and macular changes with regard to morphological and macular thickness was made at each post treatment visit. The Chisquare test, paired t-test, and Pearson's correlation were used in the statistical analysis, which was performed using the Statistical Package for the Social Sciences version 19.0 (SPSS Inc, Chicago, IL).
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Results
The mean age of the patients was 56.47 ± 6.55 (range 45-69) years. There were 38 males and 30 females, and the mean duration of diabetes was 17.13 (range 10-25) years. Thirty-six of the 68 patients (47.4%) were on oral hypoglycemic agents for diabetes, 27 (35.5%) were on insulin, and five (6.6%) were on both types of agents. Concomitant systemic diseases included hypertension in 39 patients (57.4%), dyslipidemia in 12 (17.7%), nephropathy in 12 (17.7%), and cardiac disease in 14 (20.6%).
Sixty-two of the 76 eyes (81.58%) had stable or improved vision, while 14 eyes (18.42%) had worsened by 3 months following PRP (Table 1) . Patients who had improved or stable vision were older (56.77 ± 7.07 years) than those who had worse vision at the end of follow-up (55.14 ± 3.58 years). Gender, duration of diabetes, and initial visual acuity were not significant influencing factors with respect to final visual outcome. Mean preoperative vision was 0.15 ± 0.12 log units, which worsened significantly to 0.31 ± 0.20 log units (P = 0.001) at one week, to 0.29 ± 0.23 log units at one month (P = 0.0001), and although worsened at 3 months to 0.25 ± 0.37 log units, this was not statistically significant (P = 0.06, Figure 1 ).
Mean preoperative central foveal thickness was 222.05 ± 59.11 µm, increasing to 266.84 ± 84.67 µm at one week, to 264.05 ± 102.56 µm at one month, and to 256 ± 101.38 µm at 3 months' follow-up after PRP ( Figure 2 ). Central foveal thickness was significantly increased from the pretreatment value at one week (P = 0.001) and one month (P = 0.01), and remained so at 3 months' follow-up (P = 0.04). Degree of central foveal thickness at baseline did not correlate with the final visual outcome. However, there was a positive correlation between change in central foveal thickness and visual acuity at one week, one month, and 3 months after PRP.
OCT features at baseline were mainly normal (54 of 76 eyes, 71.7%). The most common abnormality seen was spongy edema in 14 eyes, (18.4%), followed by epiretinal membrane in four eyes (5.3%), and cystoid macular edema, subretinal fluid, and vitreomacular traction in two eyes each (2.6%). Three months after PRP, only 28 eyes (36.8%) had normal OCT. The most common abnormality was spongy edema, seen in 24 eyes (31.6%), followed by cystoid macular edema in 18 eyes (23.7%), vitreomacular traction in 14 eyes (18.4%), epiretinal membrane in 12 eyes (15.8%), and subfoveal subretinal fluid in eight eyes (10.5%). All these features were more common following treatment than at baseline (Figure 3) . However, correlation with visual outcome revealed that patients in the group with worsened vision had significantly more spongy edema (P = 0.05), vitreomacular traction (P = 0.013), and subretinal fluid (P = 0.001). The increased occurrence of cystoid macular edema or epiretinal membrane following PRP did not seem to affect the visual outcome.
Discussion
The mean age of our study population was 56.47 ± 6.55 years, and all the patients were type 2 diabetics with a mean duration of diabetes of 17 years. Most of the patients (81.58%) had stable or improved vision 3 months after PRP. Patients who had improved or stable vision were older (56.77 ± 7.07 years) than those who had worsened vision (55.14 ± 3.58 years), but this difference was not statistically significant. The Wisconsin Epidemiological Study of Diabetic Retinopathy also found that the severity of diabetic retinopathy and clinically significant macular edema is not related to age, but is related to duration of diabetes. Gender and duration of diabetes were not significant 4, 5 reported that 25% of eyes treated with PRP lost $ 2 lines after a mean follow-up of 15 months. The Diabetic Retinopathy Study reported 10% of eyes with visual loss after PRP. Overall, 25%-43% of eyes have been reported to have visual loss or changes after PRP in various studies. 4, 5 However, many of these studies also included eyes with preexisting macular edema. Shimura et al 15 reported that in eyes with PDR and without clinically significant macular edema, PRP did not affect postoperative vision in 85% of eyes, which is comparable with the findings of our study (82%). PRP inducing visual loss in these eyes was less common, accounting for 15% of eyes, as in our study (18%). Thus, eyes with PDR and without clinically significant macular edema generally tolerate the insult to the blood-retinal barrier during PRP reasonably well. Patients in this subgroup who lose vision probably have other systemic or local contributing factors that precipitated macular edema.
Associated systemic diseases, eg, hyperlipidemia, diabetic nephropathy, carotid occlusive disease, and anemia, as well as local factors, eg, post cataract status and coexisting uveitis, have been reported to cause a greater exudative response following PRP, and so more macular edema and visual loss. In the present series, all of the 14 eyes with decreased vision following PRP were from patients who had multiple systemic diseases, including hypertension (100%), nephropathy (71%), cardiac disease (29%), and dyslipidemia (29%). The commonest cause of defective vision was macular edema, seen in 86% (12 of 14 eyes) of this group. Eyes which previously had no macular pathology now had cystoid macular edema (43%), subretinal fluid (57%), epiretinal membrane (29%), or vitreomacular traction (57%) after PRP. The remaining two eyes developed vitreous hemorrhage as the cause of defective vision.
Defective vision following PRP was also studied by McDonald et al, 5 who found that the main causes were macular edema (32%) followed by vitreous hemorrhage (23%), tractional retinal detachment (14%), epiretinal membrane (9%), macular ischemia (7%), cataract, and neovascular glaucoma (5%). In the present study, two eyes (2.6%) developed significant vitreous hemorrhage, but none developed tractional retinal detachment or neovascular glaucoma.
After PRP, mean vision decreased at one week and one month, but stabilized by 3 months. Even though 18% of patients had visual loss by the end of 3 months of followup, mean vision in this group did not decrease significantly from baseline. Shimura et al 15 reported that 84% of their patients with PDR and without clinically significant macular edema maintained vision during follow-up after PRP, but that visual acuity dropped over 0-8 weeks after PRP in 5% of eyes, which later regained their baseline values. In 11% of eyes, visual acuity had dropped by 2 weeks after PRP and continued to decrease during follow-up. The cause of visual loss in the latter two groups was macular edema, as was seen in our series as well.
It has been reported that the average foveal thickness in normal subjects is approximately 178 µm, and in contrast, the average foveal thickness in eyes with clinically significant macular edema is 362-572 µm, which is at least twice that in normal subjects. Studies have also shown that average foveal thickness is greater than normal in patients with diabetes and no retinopathy and in patients with retinopathy and no macular edema. 16, 17 In our study, the mean pretreatment central foveal thickness was 222 µm, which increased during follow-up and remained higher at 256 µm (an 87% increase) by 3 months follow-up. This increase was seen as early as one week following treatment. Although there was a generally positive correlation between the change in foveal thickness and the change in visual acuity, the change in central foveal thickness did not correlate with the change in visual acuity. Mean central foveal thickness at final follow-up remained high, although the mean visual acuity had normalized by the end of 3 months of follow-up. Similar observations were reported by Shimura et al 18 in eyes that underwent PRP sessions on a weekly basis than those who underwent PRP biweekly. They found that visual acuity was unaltered in spite of a 142% increase in mean foveal thickness, and the type of 19 has reported that foveal thickness on OCT does not correlate with visual acuity, particularly in eyes with macular edema undergoing focal laser treatment, and even shows paradoxical responses. Characteristics of macular edema correlate better with visual outcome, as was seen in this study, where presence of cystoid macular edema and epiretinal membrane resulted in poor visual outcome in this group of patients.
In conclusion, PRP may cause a temporary drop in vision in the early post laser phase. This may be seen as early as one week after PRP and can normalize by 3 months. Macular edema is the commonest cause of this drop in vision. Various changes in macular morphology/thickness occur in these eyes, the most common being cystoid macular edema. Therefore, it is prudent to warn patients of this potential outcome. Eyes which lose vision due to macular edema may need alternative therapy in the form of intravitreal pharmacotherapy or laser. This study also reaffirms the fact that central foveal thickness does not always influence the visual outcome and may show no correlation at all.
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